We selected 4593 hot subdwarf candidates from the Gaia DR2 Hertzsprung-Russell (HR) diagram. By combining the sample with LAMOST DR5, we identified 294 hot subdwarf stars, including 169 sdB, 63 sdOB, 31 He-sdOB, 22 sdO, 7 He-sdO and 2 He-sdB stars. The atmospheric parameters (e.g., T eff , log g, log(nHe/nH)) are obtained by fitting the hydrogen (H) and helium (He) line profiles with synthetic spectra. Two distinct He sequences of hot subdwarf stars are clearly presented in the T efflog g diagram. We found that the He-rich sequence consists of the bulk of sdB and sdOB stars as well as all of the He-sdB, He-sdO and He-sdOB stars in our samples, while all the stars in the He-weak sequence belong to the sdO spectral type, combined with a few sdB and sdOB stars. We demonstrated that the combination of Gaia DR2 and LAMOST DR5 allows one to uncover a huge number of new hot subdwarf stars in our Galaxy.
INTRODUCTION
Hot subdwarf stars consist of O and B type stars (spectral type sdO, sdB and related objects) at a late stellar evolution stage (Heber 2009 , Heber 2016 ). These stars have low stellar masses (e.g., about 0.5M ) and burn helium (He) in their cores or evolve off this evolution stage. Hot subdwarf stars present very high effective temperatures (e.g., T eff ≥ 20 000 K) due to their thin hydrogen (H) envelopes (< 0.01M , Heber 2016) or nearly pure He envelopes. Hot subdwarf stars play very important roles in the study of stellar evolution, especially for binary evolution. Furthermore, these stars are considered as the main sources of the ultraviolet (UV) upturn phenomena found in elliptical galaxies (O'Counnell 1999; Han et al. 2007; Jenkins 2013) . Due to the diversity of H and He abundances in the atmosphere of hot subdwarf stars, they are ideal objects to test chemical diffusion theory as well (Michaud et al. 2008 (Michaud et al. , 2011 .
Most sdB stars are considered to be formed in binary systems, since about half of these stars are found in close binaries (Maxted et al. 2001; Napiwotzki et al. 2004; Copperwheat et al. 2011) . Employing a detailed binary population synthesis, Han et al. (2002 Han et al. ( , 2003 found that mass transfer through Roche lobe overflow (RLOF), common envelope (CE) ejection and merger of two He white dwarfs (WDs) can form sdB stars in binaries (also see Chen et al. 2013 and Xiong et al. 2017 for further study). Zhang et al. (2012 Zhang et al. ( , 2017 found that the merger of two He WDs or a He WD and a low-mass main-sequence (MS) star could produce single hot subdwarf stars, while Lei et al. (2015 Lei et al. ( , 2016 demonstrated that tidally enhanced stellar wind in wide binaries is a viable formation channel for blue hook stars in massive globular clusters, which are the counterparts of field hot subdwarf stars.
The number of known hot subdwarf stars remained at a low level until the Palomar-Green survey (PG, Green et al. 1986 ) of the northern Galactic hemisphere was released. With publicly available large surveys, such as Sloan Digital Sky survey (SDSS, York et al. 2000) and Large Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST) survey (Cui et al. 2012; Zhao et al. 2006 Zhao et al. , 2012 , etc, the number of known hot subdwarf stars increased largely in recent years. Geier et al. (2017) compiled a catalogue of known hot subdwarf stars from the literature and unpublished databases, in which more than 5000 hot subdwarf stars and candidates are listed.
The method of candidate selection is a very important step to identify hot subdwarf stars in large surveys. The conventional method is to use color cuts followed by visual inspections. Employing this method, Geier et al. (2011) identified more than 1100 hot subdwarf stars from the SDSS survey; Vennes et al. (2011) and Németh et al. (2012) identified more than 200 hot subdwarf stars in Galaxy Evolution Explorer (GALEX) survey, while Luo et al. (2016) found more than 100 hot subdwarf stars in the LAMOST survey. In contrast to these studies, Bu et al. (2017) employed a machine learning method to search for hot subdwarf stars in LAMOST DR1.
Fortunately, the selection of hot subdwarf candidates has become much easier recently thanks to the second data release (DR2) of Gaia (Gaia collaboration et al. 2018a) . The data of Gaia DR2 provide us the accurate positions, parallaxes and photometry for a large number of objects in our Galaxy. With these information, one can build a Hertzsprung-Russell (HR) diagram for a huge number of stars, in which nearly all stellar evolution sequences are presented clearly, including the hot subdwarf sequences. In this paper, we selected more than 4000 hot subdwarf candidates from the Gaia DR2 HR diagram built by Gaia collaboration et al. (2018b) . Combining with spectra from LAMOST DR5, we finally identified nearly 300 hot subdwarf stars from these candidates, among which 110 are newly identified in this study. To confirm the identifications further, we obtained the atmospheric parameters of these hot subdwarf stars by fitting the profiles of H and He lines with synthetic spectra. The structure of this paper is as follows:
In Section 2, we describe the hot subdwarf candidate selection procedure from the Gaia HR diagram and the spectral analysis. We give our results in Section 3. Finally, a discussion and summary are given in Section 4.
2. TARGET SELECTION AND SPECTRAL ANALYSIS 2.1. Gaia DR2 database and HR diagram Gaia DR2 was released on 25 April 2018 by the Gaia collaboration. Gaia DR2 consists of astrometric, photometric and radial velocity data, as well as variability and astrophysical parameters for objects brighter than 21 m (Gaia Collaboration et al. 2018a ). It contains approximately 1.7 billion sources with apparent magnitudes in white-light G-band (330-1050 nm), among which for about 1.3 billion sources are given positions, parallaxes, proper motions as well as photometry in the Blue (BP, 330-680 nm) and Red (RP, 630-1050 nm) band.
With the accurate parallaxes and photometry provided by Gaia DR2, one can build a HR diagram for a huge number of stars. Gaia collaboration et al. (2018b) built the Gaia HR diagram by selecting sources with the most precise parallaxes and photometry from Gaia DR2. To remove most of the artefacts (Arenou et al. 2018) while reserve plenty of genuine binaries between the white dwarf (WD) sequence and the main-sequence (MS) in the HR diagram, Arenou et al. (2018) filtered out the astrometric excess noise by adopting the filter proposed in Appendix C of Lindergren et al. (2018) . Gaia collaboration et al. (2018b) estimated the absolute magnitude using M G = G + 5 + 5log 10 ( /1000), with the parallax in milliarcseconds. To ensure the validity of this equation, the relative uncertainty of the parallax is limited to be lower than 10%. Furthermore, filters for the relative flux errors on the G, G BP and G RP magnitudes are also applied, which remove variable stars from the HR diagram. The detailed selection filter are presented in Section 2 of Gaia collaboration et al. (2018b) .
Panel (a) of Fig 1 shows the Gaia HR diagram, which contains 65 921 112 stars. Due to the effects of extinction, most of the evolution sequences, such as the MS, red giant branch (RGB) and asymptotic giant branch (AGB) are indistinguishable, only the WD and hot subdwarf sequences show up clearly. However, one can see that there are still many stars in the region between the main hot subdwarf sequence (e.g., structure near M G ≈ 5 and BP − RP ≈ -0.02 in Fig 1) and the wide MS. These objects could be real hot subdwarf stars, binaries or artefacts suffering from serious extinction issues (Arenou et al. 2018) . To maximize the number of hot subdwarf stars in our study, we selected all the hot subdwarf candidates within the pink polygon. Although this pink polygon is determined visually, it consists of the Extreme Horizontal Branch (EHB), which is the main hot subdwarf sequence, and nearly all the objects between the EHB and MS. There are in total 4593 hot subdwarf candidates in the polygon, which are marked by blue dots in 
LAMOST DR5
LAMOST is a Chinese national scientific research facility operated by the National Astronomical Observatories, Chinese Academy of Sciences. It has a specially designed reflecting Schmidt telescope with 4000 fibers in a field of view of 20 deg 2 in the sky. By July 2017, LAMOST has completed its pilot survey and completed its first five years of regular survey which was initiated in September 2012. After this six-year-survey, LAMOST obtained 9 017 844 spectra in total with a resolution (λ/∆λ) of 1800 in the wavelength range 3690-9100Å, which consist of 8 171 443 stars, 153 090 galaxies, 51 133 quasars and 642 178 unknown objects. These data make up the fifth data release (DR5) of LAMOST.
We cross-matched our hot subdwarf candidates selected from the Gaia DR2 HR diagram with LAMOST DR5, and found 734 stars in common. To obtain reliable atmospheric parameters for these candidates, we removed the candidates with a signal to noise ratio (SNR) less than 10 from our sample. Moreover, we found that some candidates present obvious composite binary spectra, e.g., Mg I triplet lines at 5170Å and/or Ca II triplet lines at 8650Å, and some of them present obvious H Balmer emission lines. These spectra have been removed from our sample as well. Such composite spectra will be analyzed in a forthcoming paper with appropriate models. After these procedures, we obtained 490 hot subdwarf candidates suitable for spectral analysis.
Fitting LAMOST spectra with synthetic spectra
Non-LTE model atmospheres with Tlusty (version 204; Hubeny & Lanz 2017) and synthetic spectra with Synspec (version 49; Lanz et al. 2007 ) have been computed by Németh et al. (2014) , which were adopted in our study to fit the H and He profiles of our sample spectra. The spectral fitting was carried out by XTgrid. This iterative procedure fits the observed spectrum by applying successive adjustments to the synthetic spectrum following the gradient of steepest descent in the χ 2 space ( see Németh et al. 2012 for details). The synthetic spectra have been convolved with a Gaussian profile to match the resolution of the observed spectra, and the parameter errors were estimated by mapping the ∆χ 2 field until the 60 per cent confidence level at the given number of free parameters was reached. Table 1 ) to classify our hot subdwarf stars.
The top spectrum in Fig 2 ( i.e., 342107122) presents dominant H Balmer lines but no He lines, which is a typical sdB star. The second spectrum from the top (i.e., 256811238) is a typical He-sdO star, because it shows dominant He II lines but very weak H Balmer and He I lines. The third spectrum from the top (i.e., 173807064) is classified as a sdO star, since it presents strong H balmer lines with weak He II line at 4686Å, but no He I lines are detected. On the other hand, the fourth spectrum from the top (i.e., 157006179) is classified as a sdOB star, because it presents strong H Balmer lines combined with both weak He I and He II lines. The fifth spectrum from the top (i.e., 155111084) shows dominant He I lines but no H Balmer and He II lines, which is typical to He-sdB stars based on the classification scheme of Geier et al. (2017) , while the bottom spectrum (i.e., 120510204) shows dominant He I lines but also with He II and H Balmer lines, therefore we classified it as a He-sdOB star.
RESULTS
By fitting the observed spectra with synthetic spectra, we obtained the atmospheric parameters (e.g., T eff , log g, log(nHe/nH)) for the entire sample. Candidates with T eff < 20 000 K and log g < 5.0 were considered as BHB stars, while candidates with log g < 4.5 were considered as B type MS stars (Németh et al. 2012) . By removing BHB, B type MS stars and duplicate objects, we identified 294 hot subdwarf stars, which include 169 sdB, 63 sdOB, 31 He-sdOB, 22 sdO, 7 He-sdO and 2 He-sdB stars.
All the parameters for our identified hot subdwarf stars are presented in Table 1 . Columns 1-4 give the right ascension (RA), declination (Dec), LAMOST obsid and Gaia source id. Next, columns 5-8 give the T eff , log g, log(nHe/nH) and radial velocity (RV) fitted by XTgrid. Columns 9-11 list the apparent magnitude in the Gaia G band, the SNR in the u band and the spectral classification type, respectively. We cross-matched our results with the latest hot subdwarf catalogue of Geier et al. (2017) , and got 184 common stars. We also cross-matched our results with the hot subdwarf stars identified in Németh et al. (2012) and Luo et al. (2016) , and obtained 29 and 35 common stars, respectively. The objects marked with * in Table 1 are common hot subdwarf stars listed in the catalogue of Geier et al. (2017) , while objects labeled with † and ‡ are common with Németh et al. (2012) and Luo et al. (2016) respectively. '>' in log(nHe/nH) denotes an upper limit of the He abundance, when XTgrid could not find the error bars at the given quality of the spectra. Luo et al. (2016) for the same stars. The value of log g (middle panel) are also comparable between these studies. Note that the atmospheric parameters in Németh et al. (2012) are obtained by employing XTgrid as well. The synthetic spectra in Németh et al. (2012) are calculated from atmospheric models not only with H and He compositions, but also with C, N, O compositions, while the synthetic spectra in our study and Luo et al. (2016) are calculated from atmospheric models with only H and He composition (Németh et al. 2014) . A comparison of Fig 4 and Fig 5 reveals that at the given resolution and SNR the composition has only a little influence on our final results. Table 1 . The information of 294 hot subdwarf stars identified in this study. From left to right, it gives the right ascension (ra), declination (dec), LAMOST obsid, and Gaia source id. Next the T eff , log g, log(nHe/nH) and radial velocity (RV) are listed from the XTgrid fits. Next, the apparent magnitudes in the Gaia G band, the SNR for the u band and the spectral classification types are listed, respectively. a Stars labeled with * also appear in the hot subdwarf catalogue of Geier et al. (2017) .
Comparison with other studies
b Stars labeled with † also appear in Németh et al. (2012) .
c Stars labeled with ‡ also appear in Luo et al. (2016) .
d ">" denotes a upper limit of log(nHe/nH) for the object. 
Parameter diagram
In Fig 6, we present the T eff -log g diagram for the identified 294 hot subdwarf stars. The two dashed lines in the figure are the zero-age HB (ZAHB) and terminal-age HB (TAHB) calculated by Dorman et al. (1993) for [Fe/H]=-1.48, while the solid line denotes the He main-sequence (He-MS) from Paczyński (1971) . The three brown dashed curves mark three sdB evolution tracks for [Fe/H]=-1.48, which are from Dorman et al. (1993) , and the time interval between two adjacent + marks is 5 Myr. The stellar masses at ZAHB are also labeled close to each track. He-sdB, He-sdO, He-sdOB, sdB, sdO and sdOB stars are represented by different colors and marks, respectively.
It is clear from Fig 6 that most of the sdB stars (i.e., black circles) settle in the region well defined by the ZAHB and TAHB lines, and they cluster near near T eff = 29 000 K and log g = 5.5 cm s −2 . Similarly, most of sdOB stars (i.e., blue up triangles) are located in the area between the ZAHB and TAHB as well, but they present a little higher temperatures and gravities than sdB stars, which cluster near the position of T eff = 34 000 K and log g = 5.8 cm s −2 . On the other hand, nearly all of the He-sdOB stars (red diamonds) are located above the TAHB and center at the position of T eff = 40 000 K and log g = 5.6 cm s −2 , while sdO stars (i.e., green squares) and He-sdO (i.e., aqua left triangles) present a much more dispersive distribution in T eff -log g diagram and higher temperatures than other type of hot subdwarf stars (e.g., some of them have T eff > 60 000 K). Fig 7 shows the T eff -log(nHe/nH) diagram for the hot subdwarf stars in our sample. The different types of hot subdwarf stars are denoted by the same markers as in Fig 6. The red horizontal dashed line in this figure represents the solar He abundance (e.g., log(nHe/nH) = -1). As described by other authors (e.g., Edelmann et al. 2003; Németh et al. 2012; Geier et al. 2013; Luo et al. 2016) , two distinct He sequences can be outlined in He-weak sequence in their study respectively, and they are described by the following equations: log(nHe/nH) = −3.53 + 1.35 T eff 10 4 K − 2.00 , 
This linear regression line is also presented by a black dot-dashed line in Fig 7. Fig 7 shows that both the He-rich and He-weak sequences show an increasing He abundance with temperature. Moreover, our He-rich sequence consists of sdB (black circles), sdOB (blue triangles) , He-sdOB (red diamonds), He-sdO (aqua left triangles) and He-sdB (magenta) stars. Moreover, sdB stars have their He abundance in the rough range of -4 < log(nHe/nH) < -2, sdOB stars have their He abundance in the rough range of -2 < log(nHe/nH) < -1, and most of He-sdOB stars are in the rough He abundance range of -1 < log(nHe/nH) < 2. He-sdO stars have similar He abundances as He-sdOB stars in our sample, but they present higher temperatures than He-sdOB stars. We have 2 He-sdB stars (magenta stars), which present the highest He abundance in our sample. Our He-rich sequence could be approximately fitted by the line found by Edelmann et al. (2003) . The He-weak sequence consists of all sdO stars and a few of sdB and sdOB stars with very low He abundance. Furthermore, the He-weak sequence is quite diverse and better reproduced by the fitting line used in Németh et al. (2012) than the one used in Edelmann et al. (2003) . We show the log g-log(nHe/nH) diagram for our identified hot subdwarf stars in Fig 8. Like in Fig 6 and 7 , different types of hot subdwarf stars are denoted by different markers, and the red dashed line is the solar He abundance (e.g., log(nHe/nH) = -1). In this figure, no distinct sequences are presented and, in general, all hot subdwarf stars independent of their spectral types show a wide distribution of surface gravities. 1 for details). The gray dots within the polygon are the hot subdwarf candidates (i.e., 4593 stars) selected in our study (see Section 2), while the blue triangles are the hot subdwarf stars identified in our study. Panel (b) of Fig 9 is the magnified region where we selected the hot subdwarf candidates. Fig 9 shows clearly that the majority of hot subdwarf stars are found at the typical position where they are expected in the HR diagram, e.g., clustering at M G ≈ 5 and BP-RP≈ -0.2. However some stars with a spectroscopic subdwarf confirmation appear far from the subdwarf region, e.g., a few of stars extend the hot subdwarf distribution to the right and connect it with the wide MS. Some of these stars are hot subdwarf binaries with a WD or low mass MS companion (a detailed study for the hot subdwarf binaries are out of the scope of this work), while some spectra may suffer from the effects of unknown extinction (Andrae et al. 2018 ) and present redder positions in the HR diagram than normal hot subdwarf stars.
We have selected 4593 hot subdwarf candidates by means of the Gaia DR2 HR diagram, among which more than 700 objects have spectra in LAMOST DR5. Finally, we confirmed 294 hot subdwarf stars from our candidates, including 169 sdB, 63 sdOB, 31 He-sdOB, 22 sdO, 7 He-sdO and 2 He-sdB stars. Considering hot subdwarfs that are not listed in Geier et al 2017 as new discoveries, we found 110 new hot subdwarfs in our study. Note however, that besides the hot subdwarf candidates which have LAMOST spectra, there are more than 3800 candidates without spectra in LAMOST, and most of them are likely real hot subdwarf stars based on their positions near the hot subdwarf region in Gaia HR diagram. In future work we will use LAMOST to obtain the spectra of these candidates, which will eventually help us obtain their atmospheric parameters and spectral classification types. On the other hand, the samples which were used to built the HR diagram in Gaia collaboration et al. (2018b) have only the most precise parallaxes and photometry. These samples represent only the tip of the iceberg. We hope to find many more hot subdwarf stars by combining the LAMOST spectroscopic database with the whole Gaia DR2 source list.
